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(54) Display optimization for night vision enhancement systems 



(57) Night vision apparatus (1 1 , 21 , 23) including an 
infrared night vision sensor (11) having a selected field 
of view and a display panel (23) positioned for display- 
ing an image detected by the sensor (11), the display 
panel {23) having a display aspect ratio optimzed 



no. 2 



is 



based upon the horizontal dimension of the field of view 
of the infrared sensor (11) such that the display aspect 
ratio decreases as the horizontal field of view narrows. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 Fiekj of the Invention 

The subject invention relates to night vision systems and. more particularly, to a method and apparatus for optrmz- 
ing display size and performance tn such systems. 

10 2 Description of Related Art 

Night vision systems have recently been designed tor use in connection with passenger vehicles and marine ves- 
sels Such systems are disclosed, for example, in U S. patent applications Serial Nos. 08/226728. tiled April 12, i 994 
(Any Dkt No PD-94072) and the cominuation-in-part thereof {Atty. DM. No. PD-94058), entitled "LOW COST NIGHT 
VISION ENHANCEMENT SYSTEM FOR MOBILE LAW ENFORCEMENT APPLICATIONS" and "LOW COST NIGHT 
VISION SYSTEM FOR MOBILE LAW ENFORCEMENT AND MARINE APPLICATIONS," the disclosure of such appli- 
cations fcemg incorporated by reference herein. Such systems employ an externally-mounted night vision sensor (infra- 
red camera) and a display, which ts typically mounted within the vehicle or marine vessel for displaying the external 
scene to the operator of the vehicle or vessel. 

20 Prior to the subject invention, vehicles modified tor night vision enhancement have utilized a standard 4 3 aspect 
ratio display, regardless of the sensor (camera) field of view. Such a fixed field of view has several drawbacks. In gen- 
eral, the display provides excess information which may confuse the driver. Depth perception may be skewed with the 
result that the driver cannot judge distances, tor example, the distance to a vehicle being followed. Such problems are 
particularly acute in applications where the system magnification is less than 1 , a condition which is desirable to reduce 

25 display size to the size required to fit typical aLrtomobile and other applications. 

OBJECTS AND SUMMARY QF THE INVENTION 

Accordingly, it is an object of the invention to improve night vision systems; 
30 It is another object of the invention to improve displays used in conjunction with night vision systems; 

It is another object of the nventton to provide a night vision system display with improved depth perception; and 
It is another object of the invention to provide a night vision system display with improved irrtormatx>n conveying 
capabilities. 

According to the invention, a night vision system display is provided wherein the display and sensor field of views 
35 are optimized tor night vision enhancement A relationship is established according to the invention between the 
selected sensor fiekj of view and tie display aspect ratio implemented in response to that selection tor a particular loca- 
tion of the sensor on the vehicle. Accorofng to this reiattonship, the dispiay aspect ratio decreases as the selected field 
of view nanows so as to provide only as much irttormation as the operator or driver normatty sees out of the windshield 
with the naked eye. Thus, the vertical field of view of the display subtended at the drivers eye is selected to present only 
40 useful information to the driver, and the road area directly in front of the vehicle, tor example, is eliminated from the field 
of view, since it provides no useful irtormatton and, in fact can distract the eye due to the high rate of motion. Depth 
perception is inproved, since excess vertical information in the display, which distorts the driver's depth perception, is 
ateo etirrinated. The amount of time required by the driver to assimilate the information provided in the dispiay is also 
reduced, further ■n j woving assimilation of the display by the driver. 

45 

RRIFF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention, which are believed to be novel, are set forth with particularity in 
the appended claims. The present invention, both as to its organization and manner of operation, together with further 
so objects and advantages, may best be understood by reference to the following description, taken in connection wrth the 
accompanying drawings. 

FIG. 1 is a schematic perspective view illustrating a night vision enhancement system wherein the preferred 
embodiment finds application; 
55 FIG. 2 is a schematic diagram iustrating an optical system according to the preferred errtoodiment; and 
FIG. 3 is a perspective view ilustrating an optimized display panel according to the preferred entoSment 
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DFTAIl ED DESCRIPTION OF TH F PRFFFRRED EMBODIMENTS 

The tol tow.no descnDbon * pr cvided to enable any person skilled in the art to mate and use the irrventico and sets 
^ Z t^^^^^ by me inventor of carryir, out his invention Various ^™™*^«^ 
^n rX^e^oTet Jed in the art. s,nce the generic prinop.es of ^^T^T ^ 

h«J,n sSotartlv to provnde readly manufacturabte and implemented commercal embodiments. 
" TOSSES d^aZuSaTng an if«strative inst*U*on of a £cost n*ht vision 
in a puS'ic safety vehicle (shown in phantom). The system 1000 includes a right v,s.on camera 1 a 
mih^ SM^op of a public safety vehicle 1010 (shown ,n phantom). The night vision camera 1 and the portng 
mechanism sw or i topor ap« ' » surtable mounting hardware 1012 (not shown). 

' n ^rS^ limbed to a M« HU0. *ternativ«y. an ac*ve matnx 

rrJT* on *e olsnooard of the vehicle can be used to disp.ay the real .mage from the camera. Actrve m«r,x LCDs 

Theoe^sy™i3o.FK12i..w^^ 
out m front o( the «^ WlOjn «^ ^^^^^^^^ment of distance in the drivers 
the tocal plane array 19. This norirmr a***^** horizontal dimension. 

^Z^X^?^«*£££« the «me vehW. wM, v»ying lens antfes. judging 
; vertical field angle). Tnue, n a %tnw* o> ^ ^* _ ». u«. .nnl. h*comes wider and wider. There « to much extre- 
me vehideiebewr«prco,eMrvelyrr^^ 

mm infom-fcn m the scene Inst the observer Icees » sees baacaly 

Hon. although the six of the vehid. become progress ^~££Zg%!ZwZZ* toanydnver 
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TABLE 



SENSOR HFOV 
(DEGREES) 


OPTIMUM DISPLAY 

SCDCPT QATIfl 

Aor tL» 1 rvM KJ 
(HORIZONTAL TO 
VERTICAL) 


58 


S2 


33 


A2 


27 


5:3 


16 


4:3 



All aspect ratios given m Table I are tor an 3 5-inch horizontal width display viewed at approximately 30 inches with the 
came/a/sensor mounted on the root of a vehicle, as shewn in FIG. 1 Once the display aspect ratio is optimized for 
depth perception, the system designer can be assured that the absolute minimum amount of displayed information has 
been presented to the driver Such optimization reduces to displaying only as much information as the driver normally 
sees through the windshield wrth the ^ked eye. 

It is also considered desirable bv T% inventor to minimize the number of eye fixations required to view the display 
23 tt is known in the art of designing and integrating avionics displays tnto aircraft that the number of eye fixations 
required to assimilate information from a display is directly proportional to angular area. A good rule of thumb «s that 
one eye fixation is composed of up to three fine eye movements or saccades. and that each saccade provides useful 
information over a five^egree angular (c.rcular) area. Thus, mmimizng the number of eye fixations is desirable for 
safety and efficiency in a display for aircraft, automobiles, tructe. recreational vehicles, or any other form of moving 
apparatus. The preferred embodiment minimizes the number of eye fixations by minimizing the amount of displayed 
information the viewer must deal wrth. 

Also, the importance of the overall system magnification between an object in the real world and an object as 
viewed on the display should be noted. The system magnification may be computed as follows: 



«o 

system mag - — 



where 



9 0 * angular subtense of feature in object space 



e 



D 1 



Angular subtense of feature as viewed on display at the driver's eye position 



l2 *n'(*£) 



where 

A * linear dimension of cfsptayed feature, inches 
B - distance of eye to display, inches 

Grven the abeve relatkjrwri^ rt « 
ing depth in the display 23 . ff the system magnification ware always held to tha vatua "1 the field of view of the sensor 
11 would not matter This, however, recces a very large cSspiay » ^ 

dtsplay ts practical to package n many vehicles, the relatk^nships descrbed herein become very useful when a wide 
field angle is desired for the horizontal field of view of the sensor 1 1 . 

In a parfcutarty pr afarrad entxxJimant constructed a<^^ 
27 degrees horizontal and 9 degrees vartk^. With a mean distance 

inchesand an triage medication of .5:1. tha display aspect ratio * selected at 3:1, resulting h a o^^J*™* 6 
7.2 inches in width (rwrizontal) and 2.4 inches (varticaJ). as shc^ in 
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TO 



15 



front of the dnver. in place of the.normal automobile instrument panel Custer, although th.s is by no means the on.ypos- 
sibie Iccafon for the. dsplay ^ iO, in a veh)de . Ftat pa™*, CRTs, projected 

The above to JJ^.^^Xtoerton in the vehicle. Any ernp^lly^erived 

or direct view, may be (if the camera ,s visible) will charge to some 

relationship between aspectr«» a^s<x ^ ! jn frort j, ^ changes. A gen- 

degree as the sense ran S^r^bSieriv* gecm«ncally with applied trKJonomelry. 

errfcod.ment can oe configured without departng horn the scope and sp>rrt of the ^ re ^ * ° 

stood that, within the scope of the apposed cla,ms. the irwrrtion may be praefced other than as specifically described 



herein. 
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1. 



Claims 

A method of optimising the scene presented to a viewer by . system employing a sensor (11) inc.ud.ng a wrte 
angle optical system (13) and a visual display (19) compnsing the steps of: 

arranging said sensor (1 1 ) to have a field of ^ew of a selected horizontal dimension . and 
selJng a display aspect ratio for sa,d display (13) based on sad honzonM dimension. 

jl mB(hnri Q) Clajm , ^ said sensor (1.11) is mounted above a windshield ((1032) and said d.splay aspect 
30 naked eye (24). 

3. me method of Cam 2 father including the step of sel«*ng the vertical field of view of said sensor (1 1) to be 9 
degrees. 

* 4 . The method^ 3 forth* 

6 . The method of C>^2r^*^ the st*^ 
ing tab*, wtw« HFOV indicate, horizontal fleW of view: 
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2. 



SENSOR HFOV 
(DEGREES) 


SELECTED DIS- 
PLAY ASPECT 
RATIO (HORIZON- 
TAL TO VERTICAL) 


58 


5:2 


33 


4:2 


27 


5:3 


16 


4:3 
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(54) Display optimization for night vision enhancement systems 



(57) Night vision apparatus ( 1 1 , 21 . 23) including an 
infrared night vision sensor (11) having a selected field 
of view and a display panel (23) positioned for display- 
ing an image detected by the sensor (1 1). the display 
panel (23) having a display aspect ratio optimized 
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based upon the horizontal dimension of the field of view 
of the infrared sensor (11) such that the display aspect 
ratio decreases as the horizontal field of view narrows. 
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